• Premise of the study: Microsatellite primers were developed to promote studies on the patterns of genetic diversity within Patellifolia patellaris (Chenopodiaceae) and the relationship between the three species of the genus Patellifolia.
The genus Patellifolia A. J. Scott, Ford-Lloyd & J. T. Williams (Chenopodiaceae) is considered a valuable source of resistance traits for sugar beet breeding (Frese, 2002) . It is composed of the tetraploid self-fertile species P. patellaris (Moq. Szota (1964 Szota ( , 1971 cited in Jassem, 1992) observed that the diploid species hybridize spontaneously, form fertile offspring, and should be considered distinct variants of the same species. Despite later attempts at clarification, this taxonomic question still remains unresolved. Patellifolia species are found primarily on the Canary Islands, Madeira, Cape Verde, Morocco, and the Iberian Peninsula. The species occur in dynamic habitats such as roadsides or abandoned agricultural fields. Their natural habitats and populations seem to be threatened (El Bahloul et al., 2009; Monteiro et al., 2013) , which may cause loss of genetic diversity. Assessing genetic diversity and the extent of genetic erosion within species is essential for planning and implementation of effective conservation management and utilization programs.
Molecular markers like simple sequence repeats (SSRs) or microsatellites often exhibit a high allelic diversity and are able to detect polymorphisms (Wan et al., 2004) , even between individuals (Jarne and Lagoda, 1996) . SSRs represent sets of repeated small sequences found throughout the genome (Morgante and Olivieri, 1993) . SSR markers developed in Beta vulgaris L. (McGrath et al., 2007) proved to be unsuitable for genetic diversity studies in Patellifolia. Furthermore, in our analysis of six SSR markers (Bv2, Bv3, Bv6, Bv7, BvMS67, and BvMS86) provided by El Bahloul and Gaboun (2013), we found that only two (Bv3, BvMS86) produced polymorphic PCR products in Patellifolia. Therefore, it was necessary to develop a larger set of new SSR markers to investigate the distribution of genetic diversity in the genus Patellifolia.
METHODS AND RESULTS
Microsatellite marker development-Five hundred forty-three mega base pairs representing 72,453 single sequences with an average size of 7499 nucleotides of the unpublished genome assembly Papro-1.0 from the P. procumbens accession BGRC 35335 (renamed by the genebank of the Institute of Plant Genetics and Crop Plant Research [IPK] , Gatersleben, Germany, as BETA 951) were screened for SSRs using SciRoKo version 3.4 software (Kofler et al., 2007) and default search parameters. A study of barley sequences revealed a positive correlation between the length of di-, tri-, and tetranucleotide perfect repeats and degree of polymorphism (Thiel et al., 2003) . Therefore, a Perl script was developed to filter SSRs for di-, tri-, and tetranucleotide perfect repeats and for SSRs of minimum lengths (18 nucleotides for di-, 21 nucleotides for tri-, 24 nucleotides for tetranucleotide repeats). Replication slippage events are the major cause of SSR mutations, and because a higher GC content favors replication slippage (Zhou et al., 2011) , GC-rich SSRs may exhibit a higher degree of polymorphism. On the other hand, a high GC content can make PCR amplification difficult, so SSRs composed of solely A/T or G/C nucleotides were removed from the set of SSRs using the same Perl script, resulting in a total of 3648 SSRs. SciRoKo was used to extract the 200 nucleotides upstream and downstream flanking genomic sequences of the SSRs, and corresponding primers were designed with Primerfox (http://www.primerfox.com/) and Primer3 (Rozen and Skaletsky, 1999) . Primers were 20 nucleotides in length, had a fairly high melting temperature of 60°C, and the size of the PCR products was approximately 200 bp (Table 1) http://www.bioone.org/loi/apps stored it at room temperature before further processing. Genomic DNA was prepared from dried (20 mg) leaf material after vigorous homogenization in a mixer-mill disruptor according to a modified cetyltrimethylammonium bromide (CTAB) protocol (Saghai-Maroof et al., 1984) . DNA amplification was carried out in a total volume of 10 μL. The PCR mix contained 25 ng of template DNA, 1.5 mM MgCl 2 , 200 μM of each dNTP, 0.25 μM of each primer, and 0.5 units Taq DNA polymerase. A touchdown PCR profile was generally used (Table 1) .
Microsatellite marker data analysis-Numbers of SSR alleles, polymorphism information content (PIC), observed heterozygosity (H o ), and gene diversity or expected heterozygosity (H e ) were calculated using the ALLELE procedure of SAS (version 9.3; SAS Institute, Cary, North Carolina, USA).
electrophoresis Genome Laboratory GeXP Genetic Analysis System (Beckman Coulter, Brea, California, USA), resulting in 25 polymorphic markers, as well as by cloning and resequencing of the PCR products (Table 1) .
Plant material and PCR protocol-Three P. patellaris populations originating from Murcia (AZO), Balerma (BAL), and Alicante (MOR), as well as one population each of P. procumbens (Tenerife) and P. webbiana (Gran Canaria), were included within the analysis (Appendix 1). The collectors photographed the plants of the five occurrences for documentation, collected voucher specimens of the three P. patellaris populations, sampled a maximum of 1 g of fresh leaf material from 20 to 40 individuals per species (Appendix 1), desiccated the material using silica gel within 24 h until brittle (Chase and Hills, 1991), and b Touchdown PCR profile: 5 min at 94°C; followed by 12 cycles of 30 s at 94°C, 45 s at 60-54°C (decreasing by 0.5°C/cycle), 45 s at 72°C; followed by 30 cycles of 30 s at 94°C, 45 s at 54°C, 45 s at 72°C; followed by a final extension at 72°C for 10 min.
among the three species, and may also be useful for investigations of the species' mating systems and seed dispersal mechanisms.
The data presented here underline the field observations. The plant stand of P. procumbens sampled at Punta del Hidalgo showed large morphological variation that cannot be solely explained by a higher phenotypic plasticity or environmental factors. The high phenotypic variation at the natural site corresponds well with the high genetic diversity observed in P. procumbens. Self-fertile P. patellaris used in this study showed less SSR marker variation than the self-sterile species P. procumbens, which is likely due to a limited gene flow between occurrences of a self-fertile species that, in addition, is distributed in spatially isolated patches. These observations need to be investigated in detail in further studies. Altogether, the 25 polymorphic SSR loci yielded 85, 187, and 202 alleles in P. patellaris, P. procumbens, and P. webbiana, respectively. Most of the 25 SSR markers showed polymorphism in all three species. JKIPat16 constituted an exception as it amplified specifically in P. webbiana (Appendix S1). The number of alleles per locus within a species ranged from one to seven (P. patellaris), two to 15 (P. procumbens), and two to 14 (P. webbiana) ( Table 2 , Appendix S1). Of the individuals examined in the tetraploid species P. patellaris, each proved to carry a maximum of two alleles per SSR, possibly indicating allotetraploidy of this species.
LITERATURE CITED
The PIC values were lowest in P. patellaris (0-0.730), followed by P. webbiana (0.040-0.878), and highest in P. procumbens (0.317-0.883). H o and H e were lowest in P. patellaris (H o = 0.000-1.000, H e = 0.000-0.766), slightly higher in P. webbiana (H o = 0.042-0.917 , H e = 0.041-0.888), and highest in P. procumbens (H o = 0.208-0.958, H e = 0.353-0.893) (Table 2 , Appendix S1).
Apart from phenotypic variation due to environmental effects, the three P. patellaris populations showed no apparent morphological differences. However, at the genetic level (Table 2) , population BAL showed the highest genetic diversity with a total of 85 different alleles and all markers exhibiting polymorphisms, followed by population MOR (62 alleles) and population AZO (55 alleles). All markers except one (JKIPat17) yielded different numbers of alleles in the three populations (Table 2) , reflecting high resolution of the marker set and its suitability for the analysis of genetic variation within and between Patellifolia populations.
CONCLUSIONS
Since the second half of the 19th century, taxonomists and geneticists have worked on the small genus Patellifolia. However, a reliable key to the species still does not exist and information on the evolutionary relationships between the three species is scarce. The new set of highly polymorphic SSR markers may prove useful to fill existing knowledge gaps. For instance, the 25 SSRs reported here may be used for studying the large-scale spatial distribution pattern of genetic diversity within the genus Patellifolia, the pattern of fine-scale spatial genetic structure at the population level, and evolutionary relationships Note: A = number of observed alleles; H e = expected heterozygosity; H o = observed heterozygosity; n = number of individuals sampled; PIC = polymorphism information content.
